Objective: To develop a predictive model capable of identifying which premature infants have the greatest probability of presenting bronchopulmonary dysplasia (BPD), based on assessment at the end of their first week of life.
Introduction
Bronchopulmonary dysplasia (BPD) is still the most common cause of morbidity among extremely low birth weight (ELBW) newborns, although the incidence, risk factors and severity of the disease have changed substantially since the introduction of new treatments and mechanical ventilation techniques. [1] [2] [3] Pathogenesis is the result of multiple factors including immaturity, infection, barotrauma or volutrauma and oxygen toxicity. Excessive ingestion of liquids and sodium have also been suggested as additional risk factors. 1 Strategies and interventions that might reduce the incidence of BPD have been widely investigated. Recently, Schmidt et al. 3 reported on a multicenter study whose results demonstrated that administration of caffeine during the first days of life was capable of reducing BPD incidence in a population of very low birth weight (VLBW) newborns. 4 Nevertheless, in order that such measures achieve greater efficacy, it is necessary to identify early and precisely the newborn population that is at greatest risk of developing the condition. 5 Working from this principle, several predictive models have been developed over the last 25 years achieving sensitivity rates that varied from 64 to 92.7%. [6] [7] [8] [9] However, one factor that has limited widespread adoption of any of these models is the fact that they were developed in specific centers and populations and were not tested prospectively on other populations.
The principal objective of this study was to develop and apply a model to predict BPD at a neonatal intensive care unit in Brazil, using a local population of VLBW infants assessed at the end of their first week of life.
Methods
The study was carried out at the Instituto Fernandes
Figueira (IFF), part of the Fundação Oswaldo Cruz (FIOCRUZ), after approval by the Institute's Research Ethics
Committee.
Study period
The study employs data from two distinct periods. From 
Study population
All children born at the IFF with gestational ages (GA) < 34 weeks and birth weight (BW) < 1,500 g were included if they were free from complex genetic malformations and congenital infections, their mother's were not HIV-positive, and they survived past their 28th day of life. 
Definition of bronchopulmonary dysplasia

Variables and definitions employed
During the initial phase of developing the model, 
Results
During the study period, 386 children meeting the inclusion criteria were born. One hundred and twenty-four (124) children were excluded due to death before the 28th day of life (32.1% of the total), 12 due to congenital malformations, two because of congenital infections and one whose mother was HIV-positive. Excluding infants born with malformations, the mortality rate was 29% (n = 112). The final sample, therefore, included 247 children with a mean BW of 1,083±237 g and mean GA of 29.1±2.4 weeks.
Sixty-eight newborns (27.5%) developed BPD, with the following classifications: mild, n = 35 (51.4%); moderate, n = 20 (29.4%); and severe, n = 8 (11.7 %). Five (7.3 %) children could not be classified since, although they were diagnosed with BPD, they died before the classification point.
Twenty-eight (11.3 %) were still dependent on oxygen at 36 weeks' corrected GA. Table 1 Where all four variables were present, the model allowed for a maximum correct identification probability of 93.7% (Table 3) .
In order to validate the model, we applied it to 61 newborns who had not participated in the initial sample and 
Discussion
In our population, assessed at 7 days, the probability model developed here demonstrated an elevated level of sensitivity for the identification of those newborns with the greatest chance of developing BPD. This early identification is essential to the development of strategies that may act in a preventative manner, reducing the incidence of this disease.
Nevertheless, our model exhibits certain differences that should be discussed, particularly in relation to the most significant variables. For the sake of clarity, significant variables and the existing probabilistic models and their relevance are discussed separately.
Significant variables in the model
GA ≤ 30 weeks
In the model, prematurity was one of the four principal risk factors associated with the development of BPD. In other GA.
Indeed, the most marked characteristic of BPD since the introduction of surfactant and of new mechanical ventilation techniques is the alteration to normal alveolar development, by which the pulmonary maturation process is interrupted. 16 Therefore, the more premature an infant is, the greater the chances it has of developing BPD. It is estimated that, from 31 weeks' GA, for each week less, the chances of BPD increase by approximately 2 times. 15 
Mechanical ventilation for more than 48 h
Ventilatory support is a well-known potential mechanism of pulmonary injury in preterm infants. Nevertheless, the incidence of BPD increases when invasive forms of ventilatory (Table 3) .
Persistent ductus arteriosus
The association between PDA and BPD is well delineated in the literature. 19, 20 In our study, infants with PDA at the end of the first week of life exhibited an increased risk of developing BPD (OR = 13.5; 95%CI 6.4-28.3). Despite this robust association, prophylactic use of indomethacin or ibuprofen reduced the incidence of PDA without modifying the incidence of BPD. 19 Nevertheless, it is important to point out that in none of these studies the principal object was to assess the effects of this treatment on the incidence of BPD.
Although some hypotheses have been developed in an attempt to explain these conflicting results, 20, 21 it is believed that treatment that may be effective at reducing the incidence of BPD should be directed to the abnormal development of immature lungs, and not at other factors associated with prematurity, such as PDA. 22 
Loss of > 15% of birth weight on seventh day of life
In the post-surfactant era, three studies have assessed a possible correlation between fluids and weight loss and the development of BPD. 1, 20, 23 In these studies, percentage weight loss was similar on the fifth day of life, 23 significantly lower between the sixth and ninth days of life 1 or significantly lower on the seventh day of life. 20 The most important differences between these studies and ours was that, in the first two, infants who developed BPD were given significantly more liquids throughout the evaluation period. 1, 23 In the third study, prophylactic indomethacin was used and the volume of liquids administered was not provided. 20 In our population, the volume of liquids administered was similar in both groups and indomethacin was not used prophylactically.
Furthermore, those infants who did develop BPD lost a much greater percentage of birth weight by the end of the first week than in the studies cited (~20%).
Calorie intake of the infants who developed BPD was significantly lower on the sixth (p = 0.01) and seventh days (p = 0.03) of life. These children's scant reserves associated with inadequate nutritional support, may have contributed to a state of catabolism and protein deficiency, which has been described as capable of altering both pulmonary growth and healing and control of the inflammatory response, promoting pulmonary injuries. [24] [25] [26] Furthermore, although just 11% of the total number of patients were treated with diuretics, 
Predictive models and their relevance
Other probabilistic models have been proposed for BPD.
Cohen et al. 27 used BW (< 1,250 g) and mechanical
ventilation at 48 h and obtained an estimated risk of 61%. In the same study, infants that were on FiO 2 > 60% for > 2 h within the first 48 h of life had a risk of 81%. Other authors have used birth weight and ventilatory data to predict the risk of BPD at 12 h to 10 days of life. A sensitivity of 75% was obtained using FiO 2 on the 10th day and MAP on the fifth day, in association with birth weight and GA. 28 Palta et al. 29 obtained a maximum probability of 85% with a logistic model that used the variables: severity score, X ray assessment and BW. In our model, the estimation possibilities varied from 3.9% (all four variables absent) to 93.7% (all variables present), indicating a maximum predictive capacity superior to those of all of the studies published to date.
Our study involves some important limitations, such as the retrospective data collection during the first period.
Nevertheless, it is important to point out that the patients whose data were collected retrospectively were the same patients used in another prospective study performed at our institution. 3 As a result, the proportion of data that could not be collected was extremely small, having no effect on analysis of the results. Another limitation is the incapacity of the model to detect the degree of BPD that an infant will develop (mild, moderate or severe). While this was not the objective of the study, it is known that infants with mild BPD and nutrition management could contribute to reducing BPD incidence in our population. Furthermore, the model could also be used to select target populations for further studies of BPD that will be carried out at our institution. 
